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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning tr 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably 
allocating data and power among the carriers to compensate for equivalent noise and to maximize the data rate. 
Additionally, systems for eliminating the need for an equalization network, for adaptively allocating control of a 
channel, and for tracking variations in line parameters are disclosed. 
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7 7 f-rfl/36tEfl«^4. &M»tt. *3&*x£(*K^*ft 
£.»ax&&CD7c*)<0 <xn. yn) -< £> h/KDf-T'^lftHfty. 

^ - k *t £ ft 7c ra f 'j-xij&iari, 



#*Uv^«f«-ptt. K » » 4 0 »± . KS7-iJxSft|9 
(FPT) fc « *. T £ U . < x . y) h;i/ & P FTfiSJSt I 

T«PTiSFFTa»&$Sta. Kir^f-X^tt. 5 12 
« i* 8ft ffi « <B 1 , 0 2 4 «fl>FFT*|»totl, 0 2 4 CO «S * 
C0**^A,-ev*£. lFFT««Ci»J. QAM^^&Sbtl, 
0 2 4 4a©^A?^R3t";-XT^I&«fti. CfiO^^^/Uil/a 
-K?ivfe^jas/y-X©l , 0 2 4tfOil')i>hli. *J » 
JlsBZM is i) — X j< v ? 7 4 2 fcI2 «t S ft * . 1^ * ;u BfWJf — -tr 
> X tt . 7t a if/ff*^ 4 3 ic J: »J 7t n y^jg 

URIftSft. -f>*-7**A4 6tt. i*#607Wy^j*«ftt& 
48^t«fir4ipl:<fltft(jBt4. 

ftfii'^fA 5 0i;^v»TK«8tfttf. ^^©A-fy^sSQ 
RIR4 8A. e»S«Ufe77-ny»0tt. -f^J-7i04Bi: 
^oT«fi2n. 7'7-a^/7 r i^^;i/3>><-5i 5 2Ktf)tt*ft 

o 2 4 AZ)^ffli/iJ-Xf -X;ui;Eft o. rfttt. 
S(SQI3i/ , J-X^y 7754t:Ett4nS. tK M © 5 6 t± . 1, 
0 2 4 AA^ia'-/y-Xf-7-/H5 1 2AZI (xn. yn) 
h/i/r — T'yuicgJlftL. eft 5<g^^7 h/i/^r — 7*/u^<v77 
58£Stt£*i.&. COKttli. 85lBl/'J-Xt:ft^Pt F FT 

^ ft f- t* v hO»i:Klt4«f«tt. ttMSai/f^^t/r-i'R 

/<y775Bt£KtaSftfc (x. y) ^ - 7" ^ , f'^i'/l'f- 

*«4HS6 0tc.* •JifS^jr-i' t*v hi>--!r>xi:gfft2ft4c 



fc IC « *V V* . Witf. (xn, yn) ^C^ h^/tf4 fcfy 

SfiGOKi U4 tfy hf-<!r>xicg£!ft£ft* LTS^^r-^ 
Ify M<y77 6 2tEi«ii4. 5(8f-f Ify hJ^-»>X 
tt . ^V^T?. a5 7Jf-#iiltt Ltiil3!>6 4 A«6ft4. 

ffifflt 5 F FT«i»©S^>if»'!S{l. 1975*N. J. 05 
7*U>x-fX • 7* — Jls - (Prcntlce-Hall, Inc. , ) IC £ «J ffi 

ISShft? t* 7- (Rftbiner) Be « O r^^^^fg^jBSOSttRUt 
J?;^ (Theory and Applicati ons of Dieital Signal Processint) J 

£ii-ra:fi:iRni$^£ft-T:v%4. jtsifc f ft 

T:il:ft'Ji^4l3EA7VftC8W<D»7A 1 0. v -C > 1 
S-VO&t/^^Ali; ?-<>l-30lc2i'<fcftfcj:?tc. 
RI2il[K->iE8x9f4:itJ:,rRMfcf7«U^t 
* & Jt, /<7>ftO«»»*7A12. 7-<V3 5- 70. 
*^A13. 7-f>l-70fta»7A14. 7 Y > 1 - 1' 3 U 

a»&U^^y*a-U>^ar y h66tt. — » £0 «» ^: 

±Etfe J:7i:. #«sbei»«i:iV3-KJftf:r-J 
N&T>-t«>^ift«tti&«t^W*j^-c6ftfc«rj<otfftart 

(fn) tt. «a«[fni:fcM7 481gLt ^ X « 73 



-<7>N(f)%88^UT. je#S.tfSffl*-rA2 6fc2 6' 
CD f» IC & (S M > ? S:»itr-5/i:«>lC*^Af'AlC«v>^*v6ra»8 

y X 1 U: ^ T . Rfi^rAttJCSf-tTACDS^fcX-r-V/i/L. 

# -T A . &: go SI # b^^T 2-D©«afc»©^/'Kv £ fc & <3 

r * . 

(») 1437. 5Hz:-3dBR 

(b) 1687. 5Hx:-3dBR 
* * tt . S*SSffiRlc3tLT8a3£U. #*L,v>^ifc$|-ett. 0 d B 
R =» - 9 d B in T? * y . mttiyjtfyi/hTfc*. m ^CD h-> 

# # x A tt . ^6&-e5 1 2CD«iife«fc'art/##ri 

- A fc - 2 7 d B R Y * . #ffi*-=FAH:. r CD £ # 3 - a 
S U . :<53-Ai:t,H^F FTfe3?ftt5. 5 1 2 tf CO 

«»l»C9*;&l"</l/ttfSj£(Dffit--tr v h 2 *. * <JD T . ff^^t f A 
26(D$5»&V^y^a-'J V'/a - y h 6 6 . ft|Uc3- 
KCD*«&|»fc*J LT <xn. yn) ffi Jfc £ L, . C IV & CD tK fc . 
21 fig S *. 3 — K 0> « 2J U fis £ & t> T (xn. yn) ffl CD -r 

- 7 to t Jfct& + 4 . Z 0 jfc «2 K £ U . V FfiSRfcjiU-C$)%(| 
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tc***ffl&«C0<S-^oX*t96*va. 

ffiyjtt, & * ff) ^ f A H J: * 3 <3 *5 *d * v> » 3 -< ^ ^ 

**«ET 4 -T X^-* JR & T *. ft ^ . W CD * ^ A tt . 

*7-sfX4tzi3v>T. ftStf Att. 2 -o <?> ft & jX v 

9 k.. tAl:R^T. 5 126D«»»CD«ffi3-Afir. X x y X 
2lCOV^raiXfcfcC0fcI3)t«XJU^;UT5&<g'r6. £ # * 7 s A 
tt » aLrtfyi>&tf*6«3-AfcgttI&y. X-rvX2C0«fi*7 r 

a*«rnxi/te^nxcDffifcft#-r*. cajft & ttt«? . *5«^e 

#ia&tfjc*«ig:#fcjcDpg;&ic#tt&aHgn x & t; g e s * x ic 
wa» u * t — 9 & t r & . -en*. ~ o ^ - * tt . rxsxo 

^ 5 1 -/ / 5 tc » vn x . %»^f An. if S> » £ isfc « & ft # « 
« * 2j ^ ;u co 2 K&«fcfi?#«ffi:fcfaic*ft#ir*7!>>fcj5<T 
■M 1 CD ♦i / x...> 3-.-Kfl|»fc»SLT8flt4, «r «S « 2? u ^ ;v 
■C«*«ffl*«It 2 hfelt^rS^fiR^tt. 160' CD « # 

ttttteffifc^TLfc- 28 d B R {§ ^ fc ITRiSns. « * tt 30 



2BdBR-C0.VCD«#ttttffi<7>te*£UTa-Kffc*ns. ^ 
X-r5»X6K&i*T. JC^^E^Att. *fG>«i£ilfc«ttia#ft 

« s *^j&t/^*«a^i£j<o^35ric2t-v hi&<g«:i£#-r** 

£»xra2C0tttt;£>3-K<2*£a£Lj&«-r*. C CD <2 ^ & 
*4t?t40tt. ##*r A#«*a#«:;Zf GieD^ X&VQ^a 

t> * * * *C S . *ffltrAi;j;,T*4«ht/8§i:JjhT. 

2o<D t-y h fcw^ianjtt^r i8o- co*i 

«W4fifiT3-Kfk?h. ffiCD^rcofiJc^tt. 0 - CD ffl tf> 

i^«t:fft^L. :nCJ:»|, 2^<!)tf AIB)i;»6 0 0 ^y K/ 
irtfy^lUSrasc-r*. X r y / 7 T II . wOS^Etif-^ 'J 

*fl»»T<S«t6;i:<5Te4 t'y hfi)» (0-15) XUfJg 
Al^^^U (0-63dB) tCBar*x~^5:«ffl-E^A^iS/g-r 
5. t$-pT. dCITr. ftffi&l/fl?fftrA(DS^Ct. fi? «f » ^ 



ffgWfef7*^ti:«J:oTaia?h4. l^ljQSt/ arts 7 ;u ^ i; 

iz * 9 » « + v*;n;t;nTfD-.K«tv4. ^ + > j». yi/ ^ ^ 
Xtt. ««fS^«:S*tt. Ot A X o -fe X CO H£ & <fc T $ tt * . 9) 
«f^C0«afc» foic B ofB 4> tf y hZ>>«»4tiie>«^^08im 



* ^ - & tL Z> . /-f XU^fl/No&tfJSiffH f of b ota 

Wfy HS:iiHgt4«^i:t±. f3^**fif&Jt/>>Eb/NoJKJ;-Ctt 
tt fcf ft 6 <e v\ . {au. Eblt, BERSrm^-©BER(BER)o 

m ft£ £ (g. it* U <e I* txlt u £ . 

£ tv * * "C . £ -t^ - * * £ . 9, 6 0 0 bp sOA^fg^^. 
7, 200bp* % 4. 8 0 0 b P ». 2 , 400bps. 1, 

200bps. & * v&m-c&T n it s . ts-D r, «**i±. y 
tctr^-ctt. s« j* £ «ip-r * ^ &ti . > ^ x x^c * h m& & 



««Dg 62-502932 (9) 

-by r- £ K ft t' KtSSflDS^Jb^^TfitftUTv^, ^ 

r^e^iSiSic^jy^r^nfc^^Dji^^^^flD&^^^^y^x 

t> O T & 4 . *JJ«7n/JU XAli. ■^'r^^/t/fcttWaWfiia 

* * > * ;nx . v-<x^^A^j^--c^i^^co 

Si »8 T 4vix\ *^W:Siff«»c»oTjH5^«n. JE? i* « tx # ¥ 
»oTfflSift5. 9flli/-<X^^^f./i/tt|!5tt7 0t t jSb2n 

i: w> ? £ # t± . ^^S/jSr55*>-rsl£<5fi^?K*»5r£J«*niiijRI 

e> — atweicsfffiywxwKTtfsstauT r t^etttti&nfc 

© "C 2. . * U: « j» L, . * ¥ BE £ * . **«7il/^y X 
A<B^»ttfcSft«BlX. 196 B^. J. Hl e , and 

Sor.sifi||g©ftfW?l»Xi;{S«ttO 6 fg (Information Theory 

And Reliable Coanuniea t ion ) J 2: H T 4 ;tf ^ — (Gallagher) B; 



?:ffiv>-Ca^T* S^TW^-^^COA^ffit U T g * ^ «> 

tt * ^ . OL;i. * # 93 <5 ^ S: tx . JBlBlc^^TiilEUfcJ:^ 

*##C9^;L#<7>3?*tIx. JS3£CO^;&l/'<>u#S520>*<&» 
ii«l(D?!filiy>f Xu^^tcatiiTftfiOS^ffi/'f X7D7 & 

e I* . 

*fcir*-c. s$3«>a<a^-r>^^cr)??ffiy^xi/^>i/icia'ri 
* x 2 o » g <£« & a* <*> ra # # n t> ^wyareivi. 3 <*> -m 

*»^ro#*Uv^JKmi«v»*S*CDW^;#a;ix. & cd 5$ 

y r *> <:» . 

(1) gfgSi:«^T^«Iiy-<X&|||JSt^ LTiSteD^Tft 



(2) #»5«ift«ifttt^^ U. * (d^cjSttt^ 
»C (X . 0. 2. 4. 5. 6 * 8 fc* y h ) (Of XUX > f» 

>s«tai:^j?4aAi"<^s8t»r »x . m # © b e r . 

<«iLtf. 1x^-/100, 0 0 0 t'y h "Cft->©f-? x U 
(3> St»^*vfcm5?©i2SO«/)l'^^P^6, r - * x b x > 

h u> Jfl fit * 5rJfiiro-rani^S<c^^<f«^ i^-c>n/^£feS2n*. 

(4) & *0>^-ri/*/UK^>i.>T. *»ftrf»«A t/^^&l/ 

»t. hitfkfy H4. 

(5) <ft6«^//«^ icffi,t±a^r '^4 0 
f -^/V^«fi£t4itlcJ: U tX h A SrWfiSTi. 

(6) wjB-ea-aiafltf^fras-c-. ^»n^&<^s^»t<c 



ma** a 

N * P MP (N,<-N„) 

0 0 

42 12 HP(2-4)=4/ tf y h 

51 1 9 MP(4-5>*7/ti y h 

6 1 Z 9 HP{S-6) = 10/t* y h 

N ' N '" N ' P M P (N, — N * ) 

0 O 

2 2 6 HP(0-2) = 3/f v h 

42 1 8 HP<2-4)=6/ e y h 

51 29 HP(4~5)«ll/fcf y h 

61 4 4 «PC5-6>«lS/fcTy h 

P, - P, 
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M P (N» ~ N.) > 



*«Xfc*. B E R It, SBBW£lTi:«t)J: 



kojffllt. f BtC * * & ^<jfg j 4 XN{ f B) tfi f a 
t^tti^flSy-f XN(fJI)J: »J**V>*6T**. 

fc"*h»NT#«i&J»£«^-i>:i-K**V*rf. * iS « A tC 
BCit^y htfayST&*iTi'«i^t»fl)t{SSt5, « * tf . 
N(fi)ai/N(fB)li. ttKx-*fr«f$LTv>*rn*<o»i£ 

r<D«Tii, f Ait. if-* xb^> hoiKJti^a 
* fi fc* ^ T S * ic « « 7* f£ £ y to i Offlco*am<ft£i9 
j& « A fc B i: <DIBTM U 5. 

NTS: 2 t* y ht'ltiffiJtifciOttt. f t V*fl/A tffl^ 
*»*tt4*ftco*:*)*;ttySTiatf:*i=>r. f^^M^H) 

a e * 6 ft * a £ « y mj x ia i* * £ * ^ . fcp^tt. 

*AK»"UTUP(0-2) - K. f t>*^Bl:^LT 

MP(0-2)=3/cT y hT»4*.6T*4. *ivtt. f X -r A 

(2 — 4)=4/ty hti^f tV*;i/BC«UtMP(0~2) 

f * x a . 6*ffl©S7jfe|«i£^Bi:»y^t. 2 t* v hf- 
fiU^Vhfc«3«Bt:x> 3 -KU. ^©^COSTK* NT 



+ 2^6NT+4 t' y htiltol. Hy©#!lfflPl*E*«2j*{fctt 
-tf n fc <t & . 

-r-eeg^^^^^u:. -vat Ait, a*<o»5£8tjg&»co 

tpT«A3^h^«ttO^60*r r n (shop) j . £ 5r - 9 x u > 

z mm,-? $ z t iz x ^> x ±&-e s i z &o m&&± 

f»f5A£^LXVx*. 

U^>, ^CDfc^h^^Att. 0. 5.1 B0^f .^TA^hfi 
* « 9t ftj T * CO ffi 31 x- «c i> . 

^tflur^a. cot x> jf^Att, A ft co « ;& ^ * w & £ ^ 
at a n & . h^BiKA^tt, no>ho)9iimT&n2n. 

4* e>ns. 



3£ # 55 T T * £ . m**<K l"<^MP(ni a x)* y ft fc> £ T 

tt2 ^ 4 - k *c. mm-Bjtetcntttfi&ttKw u ✓< * M p ( m 

MST &fcj&tci$tf JB&«£# % £ 3£ T 4 . ^flft^aetcWy^T6 
MPCma Ot^U^^ltfhiij^^^ 

T * « £ ti ** , S « b i& Jfc £ 1 0 2 4 @»>^tj>^t4Ck 

®^>yy >£T*|±«8 O 0 0 / -^>^/K»fir>^RI-9->^ 

^Mttl 2 8 5.^tfc5. RtttC. SfgFFTIi. 1024 
C0AASr^r*f^iai^y-XS:«^U. SE^^WJtti 28 $ y # 
X & 4 . 

WX^v^^^tt. f A^BfBflTESTtlS^3-Attfl7 

^14 37. 5H 2 CD«j|te^^ C»lC0^-f$>^»*) CO^n 
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CO* &<D*aP5^«fc-aT*<DS!«#Stf>* 

n a . JSiw*-<5>^(g-^at/iB2roi'-ri>iff§^ < 1 6 8 

7 . S H z ) ft . ^jtfsr^? — ^llttv^HttttfetttStf-tfaO 
J5 « ^ 5^ A t± . B$ RJ T EST K V> T SS lSi;g2C!)M 5 > 

u^]52©m i vifist ii. tne»©ttfi/>; a? # 05 * jg 

Kfcafc^tcffitt^fe (2 5 0 ^7 W O U& 

■cttffl5i:<t^T^i2titB5ra^>/»j > ^ * 7ty h cd » 

*>y<;viryntA?rjr^ $ > ^ f y t 5 r t i; J5 b 
3t M ® P3 « . £9 & » «r L & *B i£ fc* # v F 7 -{ > t: «t o 
T»jg$il4li:T'*4. w©&ffiiH«£tl. & §2 IC , V F « 2f 

# <D » ^ ic fct , tt2:iy#*£v>ti-t*v£i_h-e*>*. Hie. c: <d ft 
ffi iS *S l* , 4 KH i©«ffl^ts©«^56-cti3IL<S<bta. 
»80tt, «i&»ictt#T Stefflig Jg £ & *:&<D £»afc«* 
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*vToS. fiS*'T B £?)2-D«)gE-5-xi&t/yiJi. & « & « is 
i>"Ci&fi$ iii. * & CD ffc l± . ^RT'^i^ttcftgshfct, 

Etc. 2^oX^ftta(iflvfcxrt{vi» xi&tfyU;o^-c 
J* . V 1* CD fiS *fifillfc*f5-§-9 2&i;96ifflgl8f xiW 
& Si # . &&0>tp*j>tti5.iZi>>Z>(ii&9 4 _fcCD3S2ge-^yiC05fc<« 
U £ * f * . CWSfilCi U: 

^>^uv^-rv*-^;u # m -5- co b$ ro -f >?-/</i/Tn? 
# v > r y > ^ 2 n s . 

tt^CDiyx^Att. ft *§ « iE ( <fc ) BfcttSrffi^Tftffiig 

*9CD.&5Stt£^Bfc^-**,COT**. r CO 7 ^ — v y hi^jflS @n 
»9@Sr2ft?9T#vO:. S$ H f U — X x i . yiXtfzilc.fco 

C CD « "C fct . E^«|8Ti#l 2 8 5 »J8>t, 3tt*<fc«i8JgTPH 
^8 i rj^T'* 5 iifi^S ivi. # - KB* IS ilfc tt . 1 3 6 * y 
^©x^y^^gioi. WiLfcf. ?g 1 CD 1 10 ( Xi) K £ 

l, ttt. S2^o^Ba^y-xx»~x, B ,,^i!i«jiL^m*ii. ?* 



iCDtfeai:/n-feX#Jgl 0Egic5rS^v-Ci»&. S5 1 0 B U *» 

l&tf1&2CD#-KB5fiSafeJ&l 1 O & 1 1 2#jSSftt^4. 
f , ic * * » « fix # l± . S(S»tc«i5t:^3p-ra^/«jifelS<3!> 

3*><z>j£#-?&y. f,K£w&f£#ii. ftftcssriiS^T 

* . «10BK«HT. f,<DJS2CDilfcJ&l 1 2 tt . i" , CD S5 1 
<D » # 1 1 Otf;gre»lC£l#-raB*raTo&©B3R8To+TPH (8 

S y«?) k :£ <2 e 3RJ i» -f * . ;ob3R1To4 tphi: l 2 8 5. y 
yyij^/^sj^ijajsjni. t^-, t. f , <d £ k x . - 

X.^.^t^yj >if S *CDffi^<D«t&CD8S »J 8* S i£ 

X. K-3-raco^f#t>#£ftft2[*i,<b. f,CDJg2S2-^ (yi) CD$q 
m tt . (xi) cftffioSiij^oiliitfBic^t. 8 ~ y # « g 
tt^X. f » CO 3& 2 <jd $fe« tt , f , CD 31 1 CD*£«S 
t 36 fi U * n . 

(x, y) ^^F/KD^eS^fflffivcffitS.e^A^T. 



S511HK*^T. ^n/l'W^fxn. yn) tt. fntCfcM^ 

tt. (3. 3) tr4»«frfc-r*2r#ii3rtnfca. ttoT 

W«:. (3.3)4:5 r u-KSaa. 

T. l^CD^r^AK £Jt, ^J:. £TRI/:£T. 115, 
116, 1 1 7Jtf 1 1 8»4o©«»C»tJ^t«»J. :h 

*j^-c«£*B$raic&*i:t>cD*>. i£2.^ran*?v>T<E5ffla&»nA 

-S» ^ CD *» , j>xnti v^tvMfi^t tt, J/ ^ f A 

K^tfcJEl-fc*. HI*,, y << Xtfi«-(DBST*&«^t:tt. 6r 

U *• L <t ?)< & . iSffin X/J'O. 1 d B-C^R<bT4»^tCti. 
*2®?*#*>hCD«^:*&©^*;fr?>hCD»A>£«U<« 
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mtsr z tz*>tz&t* t u i u ® at * s< *> h feisrsr & . « * 

^ f A A t: »1 b t 4 . 

* . 7rDyi/0^>if-7 x<r ^44 tt. £ :* <!> X „ * 
i£ » » 4 eHifiCr-^U 1 2 4 lC-r>3f-?i-f^t. 

*W>*-:7*-r*.tt. RAM132*T***U. K * V .< * 



7 r ^ : ?yi/I/0-r>^-7xH'X122fct. « * ft ft 2 5 bT 

«^«<tf!;^l/^Dt^l20tt. 7KUA'<A135 

30t. 3 2K X 1 6 fcfy hW^fflRAMifyj/^fAl 3 2 , 
V - K * V V * « ■; (ROM) ^r vM3 3i:fettitro4. 

EavOD^Dtytl 28tt. 1OMHZ066OOO 
^Dtyt&tf6 8 0 0 0 ^Dif7A>trj t$t/ 6 8 0 0 0 f 
yDt^it7i/^rATfi4. 3 2 K X 1 6 y h © ^ D 

»^t^Diry-y-i30tt. 20MHzO>320^D-fe v ^. 
3 2 O^D ^A^tVXi;^fflRAMJ/XTA?)^ ^ ? - ZJ 
J^k'ZtjZZOT'Jitfr&^^JVu-tuTrrVUKvU (D 
SP) T * . R OM^r y hl33C^*nfc2o©»SRO 

3 2 0 i/^f A©^ D /;9A^.jtt. «Mr-^©;u, 
9 7 F F T . fflM&t/JtKWffiCDKjftSr^^rsyay^ 

Afe^^-ev^i. S 8 O 0 0 -fu t y -tj-tt. ATl&lfjh^dD^v- 



S«tXi;i/^rA(Dr^naS3;}7ti. 

ffla&ORII. 2©X». 09 it . 1 0 2 4 7?*,^^. 
^-fcHHiivsSt < r fe«fcn. Etc, QAM««5tt. *«sj|035 

O v> X ft b . L * L, J5t * . Jffi «R A 0 ^ »J K S J& $ n fe ft 
* *v tft . * « E l± . S#i5f!Bff)^i:j;, TWU2n4 ^ 
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